Abstract-In the modern era, cellular communication consumers are exponentially increasing as they find the system more user-friendly. Due to enormous users and their numerous demands, it has become a mandate to make the best use of the limited radio resources that assures the highest standard of Quality of Service (QoS). To reach the guaranteed level of QoS for the maximum number of users, maximum utilization of bandwidth is not only the key issue to be considered, rather some other factors like interference, call blocking probability etc. are also needed to keep under deliberation. The lower performances of these factors may retrograde the overall cellular networks performances. Keeping these difficulties under consideration, we propose an effective dynamic channel borrowing model that safeguards better QoS, other factors as well. The proposed scheme reduces the excessive overall call blocking probability and does interference mitigation without sacrificing bandwidth utilization. The proposed scheme is modeled in such a way that the cells are bifurcated after the channel borrowing process if the borrowed channels have the same type of frequency band (i.e. reused frequency). We also propose that the unoccupied interfering channels of adjacent cells can also be inactivated, instead of cell bifurcation for interference mitigation. The simulation endings show satisfactory performances in terms of overall call blocking probability and bandwidth utilization that are compared to the conventional scheme without channel borrowing. Furthermore, signal to interference plus noise ratio (SINR) level, capacity, and outage probability are compared to the conventional scheme without interference mitigation after channel borrowing that may attract the considerable concentration to the operators. Keywords-Dynamic channel borrowing, Quality of Service (QoS), cell bifurcation, overall call blocking probability, bandwidth utilization, interference mitigation, SINR level, outage probability, and channel capacity.
Introduction
Wireless networks are probing for an optimum way so that it can keep pace with the fastest growing cellular communication consumers by ensuring maximum utilization of radio resource in spite of limited bandwidth spectrum, obviously retaining the highest standard of Quality of Service (QoS) at all the time [1] . In order to achieve the guaranteed QoS level, excessive call blocking probability, interference etc. may become hindrances.
Hence, due to interference problem, signal to interference plus noise ratio (SINR) level, and system capacity may decrease and may also increase in the outage probability that disturb a sound cellular communication [2] [3] [4] .
In spite of congested traffic, there may be unoccupied channels in any cell of a cluster that depends upon the total call arrival rate of the network [5] . If a model can be developed that ensures maximum utilization of these unoccupied channels, this model can fascinate to fulfill the need of the excessive consumers in wireless communication. In cellular networks, if there is excessive traffic in a cell compared to the number of the original channels, the cell has the opportunity to borrow the required number of channels from adjacent cells if the cells have unoccupied channels. In this paper, we propose a dynamic channel borrowing scheme in an effectual way.
We consider three types of reused frequency band in a cluster of seven cells. An algorithm is proposed for selection of adjacent cells having maximum number of available channels and the process for channel borrowing.
In our model, we define the cell as reference cell where the traffic intensity is the highest among the cells in the cluster. The required numbers of channels of the reference cell are borrowed from the adjacent cell or cells of the cluster where the maximum numbers of unused channels are available.
We propose that for interference management, the cells are bifurcated, named inner part and outer part [6] [7] (according to necessity, in next section, we discuss it broadly). The novelty of our proposed model is the proposal of various techniques for interference mitigation after dynamic channel borrowing process. The borrowed channels are provided to the inner part users of the reference cell. Moreover, if the channels of same frequency band in the adjacent cells cause interference with the channels of the reference cell, then the interfering channels of the adjacent cells are also provided to the inner part users of those adjacent cells to reduce interference.
In the previous time, fixed channel assignment architecture (FCA) [8] and hybrid channel assignment architecture (HCA) [9] have been proposed that show better performance in case of bandwidth utilization without considering interference management. A channel borrowing scheme without locking (CBWL) model [10] has been proposed which shows that the cells of the system borrow channels from its adjacent cells when calls arrive but these channels cannot be served by the normal channels. If the channels are borrowed from the other cells, the cells use it with such reduced power so that the borrowed channels are not necessary to be locked.
Dynamic channel allocation with interference mitigation architecture [11] and interference declination approach for OFDMA networks [12] [13] describe some interference management techniques. Our proposed model shows better performances compared to the above models.
In the proposed architecture, the channel borrowing procedure is done dynamically. It means either the available channels (i.e. if the available channels are less than the required number of channels) or the required numbers of channels (i.e. if the available channels are more than the required channels) are borrowed from the adjacent cells by the reference cell. However, for interference management, cell bifurcation is done for both reference cell and adjacent cells according to condition of the cells (we broadly discuss in our proposed system model). Furthermore, the interfering channels of the adjacent cells are also inactivated to minimize interference.
In case of interference management, three types of scheme are proposed in our paper. Firstly, interference management is done by the bifurcation of the reference cell. The frequency band that causes interference is provided to the inner part users. Secondly, both the reference cell and the adjacent cells are bifurcated. Finally, instead of reference cell and adjacent cells bifurcation, the unused channels with same frequency band that may cause interference, is made inactive in the adjacent cells, thus interference mitigation is made possible. These approaches result in interference declination, higher system capacity, and lower outage probability for a cellular network where there exists excessive traffic. The proposed model also shows convenient performance that reduces excessive overall call blocking probability and ensures maximum bandwidth utilization which may draw the attention of the operators of the cellular networks.
The rest of this paper is organized as follows: Section 2 shows the proposed dynamic channel borrowing scheme with algorithm and the proposed interference declination scheme with proper illustration. Call blocking probability using the queuing analysis for the proposed scheme is shown in Section 3. In Section 4, the capacity and outage probability analysis of the proposed scheme are shown. The performance evaluation of our proposed model is demonstrated in Section 5. Finally, summary and concluding notes are drawn in Section 6.
Proposed Dynamic Channel Borrowing and Interference Mitigation Scheme
Existing and upcoming wireless networks are requisite to support the maximum number of users within limited resources. Due to excessive rise of the users in wireless networks, the proposed dynamic channel borrowing model can be a useful way to compensate the demand. We propose a dynamic channel borrowing scheme as well as interference mitigation process through which maximum bandwidth utilization with less overall call blocking probability and better QoS are ensured. In this system model, we use the basic nomenclatures that are defined in Table 1 . 
Y'
The frequency band which can be borrowed by the reference cell from cell 2 or cell 4 or cell 6
Y'4
Fraction of the frequency band Y' that is provided to the inner part users of cell 4
Y'6
Fraction of the frequency band Y' that is provided to the inner part users of cell 6
Z'
The frequency band which can be borrowed by the reference cell from cell 3 or cell 5 or cell 7
Z'5
Fraction of the frequency band Z' that is provided to the inner part users of cell 5
Z'7
Fraction of the frequency band Z' that is provided to the inner part users of cell 7
YTh
The maximum frequency band which can be borrowed from Y frequency band
ZTh
The maximum frequency band which can be borrowed from Z frequency band
N

Total number of original channels in each cell
Nreq Total number of channels that are required for meeting the demand of excessive users in the reference cell Nav,m Total number of unused channels in cell m , where 1 ≤ m ≤ 7
Amax
The cell having maximum number of unoccupied channels among group A (i.e. cell 2, cell 4, and cell 6)
Bmax
The cell having maximum number of unoccupied channels among group B (i.e. cell 3, cell 5, and cell 7)
Nreq,add The additional number of channels which are required to borrow after borrowing Nav,m
System Model
In our proposed scheme, we consider a cluster of seven cells where three types of frequency band are reused, named X, Y, and Z. We assume |X|=|Y|=|Z|. Frequency allocation of these cells before dynamic channel borrowing process is shown in Fig. 1 . Each cell encompasses N number of channels before the borrowing process. We consider two groups of cells in the cluster based on the reused frequency allocation for channel borrowing process, named group A and group B. Group A consists of cell 2, cell 4, and cell 6 that has same frequency band.
Moreover, group B contains cell 3, cell 5, and cell 7 which has also same type of frequency band. We define the cells as Amax and Bmax where the number of unoccupied channels are maximum in group A and group B,
respectively. Besides, we consider the number of unoccupied channels in the cell Amax is greater than the number of unoccupied channels in the cell Bmax . Figure 1 illustrates that cell 1 has channels with frequency band X, same type of frequency band named Y is contained by cell 2, cell 4, and cell 6 while cell 3, cell 5, and cell 7 cover frequency band Z individually. Bandwidth spectrum of the cells corresponding to Fig. 1 is represented in Fig. 2 . According to our system model, cell 1 is the reference cell as it is assumed that the traffic intensity in the cell is higher than the traffic intensity of other six cells of the cluster. Consequently, there emerges an inevitability to borrow channels from the adjacent cells. The system model clarifies that in the first search for unoccupied channels, if the cell Amax (say cell 2 belongs to group A) is found with the maximum number of unoccupied channels, the reference cell borrows channels unceasingly from cell 2 till the channels are required for the reference cell or borrows the available channels. Subsequently, if the reference cell is in need of more channels, then it borrows channels from the cell Bmax of other group (say cell 3 belongs to group B) which has the maximum number of unoccupied channels at that instant. This is simply demonstrated in Fig. 3 . It shows that the frequency band Y' and Z' are borrowed by the reference cell from cell 2 and cell 3, respectively. Thus, the frequency band of cell 2 and cell 3 are reduced to (Y-Y') and (Z-Z'), respectively. This results in the escalation of the frequency band from X to (X+Y'+Z') of the cell 1. As a result, the users of the reference cell face interference from cell 4, cell 5, cell 6, and cell 7 as no interference management is done. Figure 4 reveals the reallocated frequency band corresponding to the dynamic channel borrowing process of Fig. 3 . As the frequency bands (X, Y, and Z) of the cells in the cluster are reused, there creates interference problem due to the channels of the adjacent cells to the users of the reference cell. 
Borrowing Architecture
When the original channels of reference cell become occupied by the existing users, the cell needs more channels to keep the newly arrived traffic active. The proposed scheme shows the borrowing process in which the channels can be borrowed from the adjacent cell of one group (we consider group A) at first. If the reference cell needs more channels, it can borrow channels from cell of group B. According to our proposed model, Nreq is total number of channels that are required for meeting the demand of excessive consumers in the reference cell and Nav,m is the total number of unoccupied channels in the cell m, where 2 ≤ m ≤ 7. The dynamic channel borrowing process involves an exploration for Amax in cell 2, cell 4, and cell 6 while search for Bmax in cell 3, cell 5, and cell 7. In the system model, we assume cell 2 as Amax for group A and cell 3 as Bmax for group B.
The reference cell (cell 1) borrows Nreq channels from the cell Amax (cell 2). If Nreq channels are less than Nav,2
(the number of unoccupied channels available in cell 2) channels then cell 1 borrows Nreq channels and the total number of channels of cell 1 becomes N+Nreq. However, if Nreq is greater than Nav,2, then cell 1 borrows the total number of unoccupied channels Nav,2. Hence, the total number of channels of cell 1 becomes The mechanism for the selection of the adjacent cells and the borrowing process is proposed in algorithm I.
The terms used in the proposed algorithm are defined in Table 1 . 
Interference Management
Frequency reusing techniques in the cellular networks cause the interference problem which results in lower system capacity and lower SINR level as well as higher outage probability [14] . To mitigate interference problems, we offer three unlike process which can be very useful to enhance QoS of the cellular wireless networks.
Bifurcation of reference cell
When the reference cell borrows channels Y' and Z' from cell 2 and cell 3, respectively, the users of the cell 1 receive interference due to Y' channels of cell 4 and cell 6. Similar occurrence can be happened to the users due to Z' channels of cell 5 and cell 7. The process of interference mitigation involves the bifurcation of the reference cell as shown in Fig. 5(a) . According to the proposed scheme, the borrowed frequency bands (Y' and Z') from cell the reference cell increases and the increased bandwidth can accommodate the excessive traffic. 
Keeping interfering channels blocked
Another approach of the proposed scheme points towards the process of making the interfering channels of the adjacent cells (from which channels are not borrowed) inactive when the reference cell borrows channels from cell 2 and cell 3. This procedure is possible when the interfering channels of the adjacent cells remain unused. channels of cell 5 and cell 7 remain unused, the interfering channels can be blocked. Consequently, interference
can be reduced to a great extent.
Bifurcation of adjacent cells
The last tactic for interference mitigation has been proposed which includes the bifurcation of the adjacent cells When the channels are borrowed from cell 2, then the channels of cell 4 and cell 6 ranges to the same frequency band of the borrowed channels cause interference if they get occupied. Consequently, these occupied interfering channels are provided to the inner part consumers of cell 4 and cell 6. Likewise, for cell 3, the interfering cells are cell 5 and cell 7 and same actions may be implemented in the cells of group B according to our proposed scheme.
If channels are available in the adjacent cells of same group (i.e. either group A or group B), then the channels can be borrowed up to threshold value YTh or ZTh) from such cell which has the maximum number of unoccupied channels. Besides, if more channels are required, then the reference cell can borrow channels from the adjacent cells of group B. However, only the occupied channels of the adjacent cells which may be the total or partial part of the channels that range to same frequency band of the borrowed channels are provided to the inner part users.
Queuing Analysis
The proposed scheme can be modeled as M/M/K/K queuing system. The call arriving process is assumed to be Poisson. It is assumed that the arrival process of the traffic in the cellular networks requires exponentially distributed amount of service [15] . The ending of a call results in the departure of the call from the system. Table   2 shows the basic nomenclatures for the analysis of the paper. Figure 6 designates the Markov chain before dynamic channel borrowing process while Fig. 7 
The call blocking probability of cell m is PBm and the overall call blocking probability of the system is PBT.
From (1) to (3), PBm and PBT can be calculated as (4) and (5), respectively, shown below. (6) where μT denotes the average channel release rate of the system.
SINR, Capacity, and Outage Probability Analysis
For interference management, there are many strategies available at present in the cellular networks. Mitigation of interference and noise is one of the biggest challenges because these strictly decrease the performances in terms of outage probability, SINR level, and also the capacity of the wireless link [16] . Calculation of signal coverage for base signal and interference are obligatory for sound implementation and efficient output of the cellular system. The signal coverage is greatly influenced by the radio frequency and topography. Okumura-Hata model have been used for cellular path loss calculation [17] . From the model, we can write, 69.55 26.16log
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where L is the path loss exponent for cellular networks, fc is the center frequency of the macrocell, hm depicts the height of mobile antenna, hb is the height of BS, LOW is the penetration loss, and d is defined as the distance between the BS and the MS.
Considering the spectrum of transmitted signals is spreads, we can approximate the interference as AWGN [18] . In case of capacity, we can write Shannon capacity formula that can be used for ease of calculation as
The capacity of a wireless communication decreases with reduced SINR level. Figure 8 interprets the various signals and interference that immensely affect the capacity and the outage probability of a cellular network. The received SINR level for users can be expressed as 
where S0 is the received power signal from the BS, r represents a tier among the interfering tiers. ir and Nr refer a cell among the interfering cells of r-th tier and maximum number of interfering cells in r-th tier, respectively.
Ir(ir)
is the received power of the interference from ir-th cell of r-th tier. For reduced outage probability, we can write the formula [19] as r (
where γ is the threshold value of SINR level. We consider the value of γ in our performance analysis as 9 dB. If its value goes below this level, then there is no acceptable reception. Consecutively, we can write from (11)
For the proposed model, considering the interfering channels of the cells, the outage probability can be 
Equation (13) The reduced outage probability is expected for an efficient wireless network communication [20] . The bifurcation of cell reduces the Pout and improves the SINR level and the capacity of the system.
Performance Evaluation
In this section, we analyze the performances of the proposed scheme. Hence, we study the outcome, considering the call arrival process to be Poisson. Overall call blocking probability and overall bandwidth utilization of the system depend on the individual call blocking probability and bandwidth utilization of the cells of a cluster. We illustrate the performances in terms of overall call blocking probability, overall bandwidth utilization, SINR level, capacity, and the outage probability. Overall bandwidth utilization and overall call blocking probability of the proposed model are compared to such model where dynamic channel borrowing process is absent. Besides, SINR level, outage probability, and the system capacity of the proposed scheme are compared to the approach where dynamic channel borrowing process is present but interference management is neglected. We assume the empirical ratio of call arrival rate of the seven cells in the cluster as 7:1:2:4:5:5:6. Total call arrival rate is defined as the summation of the respective call arrival rates of the cells in the cluster. Moreover, we consider only 1st and 2nd tier for the calculation of interference. Table 3 inclines the elementary parameters that are used for the performance analysis of the proposed scheme. Figure 9 associates the overall call blocking probability between conventional model and the proposed model.
The figure demonstrates the superiority of the proposed scheme as it reduces the overall call blocking probability of the system. At lower total call arrival rate, the traffic intensity in each cell is less compared to the original number of channels. So, all the cells in the cluster have sufficient channels to manage the traffic. Thus the overall call blocking probability of the proposed scheme shows approximate equal performance. As the total call arrival rate increases, the reference cell has to provide the excessive number of traffic by dynamically borrowing channels from adjacent cells. Consequently, the overall call blocking probability of the proposed model reduces meaningfully as the extra number of traffic is not blocked due to utilization of the unused channels of the adjacent cells. Thus the attractive performance proves the feasibility of our proposed scheme that may draw the attention of the operators for future wireless networks. Total call arrival rate (calls/sec) Overall call blocking probability Fig. 9 . Comparison of overall call blocking probability. Figure 10 shows the comparison of the call blocking probability of the reference cell for the proposed scheme and the conventional model i.e. model without channel borrowing process. As the dynamic channel borrowing scheme confirms the activation of the excessive traffic and the conventional method fails to activate, verily the call blocking probability of the reference cell of the proposed model shows greatly better performance compare to the conventional model. The call blocking probability of a cell is higher if the call arrival rate of the cell is higher.
In spite of higher call arrival rate in the reference cell, ensuring the lower call blocking probability proves nothing but the novelty of the proposed scheme. Total call arrival rate (calls/sec) Call blocking probability Maximum bandwidth utilization is mandatory for fruitful communication. The bandwidth utilization for the system based on the proposed scheme is maximized, shown in Fig. 11 that is compared to the conventional scheme i.e. scheme without channel borrowing process. The lower value of total call arrival rate prescribes small variation in efficiency for both schemes as the traffic intensity in the cells of the cluster is not high. In this case bandwidth utilization is less as there remain unused channels in the cells. With the increment of the total call arrival rate, the proposed scheme shows better performance compared to the conventional model which is one of the salient features of the proposed scheme. As the call arrival rate in the reference cell is increasing gradually, the unused channels of the adjacent cells are borrowed by the reference cell to fulfill the demand of the excessive users. As a result, the unused channels of the adjacent cells are utilized. Thus the proposed model assurances better bandwidth utilization. Figure 12 shows the SINR levels of the proposed scheme and the conventional scheme i.e. scheme without interference management after dynamic channel borrowing process. The result signifies that the SINR level decreases with the increment of the distance between the BS and the MS of the reference cell for both schemes.
The interference management process increases the SINR level which is very significant for any distance with compared to the SINR level of the conventional scheme. As the reference cell and the adjacent cells are bifurcated and the interfering channels are provided to the inner part users, the users using same frequency band, receive strong signal from the BS of the reference cell and trifling interference from the BS of the adjacent cells.
Furthermore, the interfering channels of the adjacent cells are also locked if they are unoccupied. Thus, it also reduces the interference. The comparison of the capacity between the proposed scheme and conventional scheme i.e. scheme without interference management after dynamic channel borrowing process, is illustrated in Fig.13 . For the analysis of the capacity, Shannon capacity formula is used. With the increment of the distance, the capacity of the network degrades slowly for the proposed model whereas the capacity diminishes rapidly in case of conventional scheme.
As the SINR level of the proposed model is greater than that of conventional scheme, so the capacity of the network shows superior performance. Likewise, the proposed scheme shows a reliable data transmission rate than the conventional scheme without interference management. Figure 14 illustrates that the outage probability of the proposed scheme is meaningfully smaller than the conventional method i.e. scheme without interference declination after dynamic channel borrowing. If the distance between BS and MS increases, the outage probability of the proposed scheme increases but the result remains in an acceptable range compared to the conventional scheme. The outage probability of the conventional scheme increases drastically as the users receive strong interference from adjacent cells when they move towards the edge of the cell because there is no interference management. The improved SINR level of the proposed scheme alleviates the outage probability of the network that proves smarter performance of the proposed model.
Conclusions
The main advantage of the proposed scheme is the use of same radio spectrum at the same time with insignificant interference and ensuring greater bandwidth utilization. To make it exclusively effective, different conditions are illustrated in this paper for interference declination so that it can draw the considerable interest for future wireless communication networks. In the previous time, there were lots of researches regarding interference management.
Our proposed scheme shows three unique ways for interference management after the dynamic channel borrowing process. A deep scrutiny and simulation results prescribe the operational capability of the proposed scheme. The proposed scheme confirms reduced outage probability and overall call blocking probability without sacrificing bandwidth utilization. The scheme also provides outstanding performance in terms of system capacity and SINR level. Our proposed model is expected to be a better choice for the future wireless networks, considering the efficient performances. Our future research includes priority scheme, multiclass traffic, intercellular interference mitigation, inter-carrier interference management in OFDMA, interference declination in multicellular networks. We are also interested to implement the proposed model for femtocellular networks.
